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CONVERSION FACTORS

For readers who prefer to use International System of units (SI) rather
than inch-pound units, the conversion factors for the terms used in this
report are listed below.

Multiply By To obtain

acres 0.4047 hectares

acre-ft (acre-feet) .001233 cubic hectometers

acre-ft/yr (acre-feet .001233 cubic hectometers
per year) per year

ft (feet) .3048 meters

ft/d (feet per day) .3048 meters per day

ft?2/d (feet squared per day) .0929 meters squared per

day

(ft/d)/ft (feet per 1.0000 meters per day per
day per foot) meter

ft/mi (feet per mile) .1894 meters per kilometer

ft3/s (cubic feet per .02832 cubic meters per
second) second

gal/min (gallons per .00378 cubic meters per
minute) minute

.06308 liters per second

(gal/min)/ft (gallons .2070 liters per second
per minute per foot) per meter

inches 25.40 millimeters

in/yr (inches per year) 25.40 millimeters per year

mi (miles) 1.609 kilometers

mi? (square miles) 2.590 square kilometers

Sea level: In this report "sea level" refers to the National Geodetic Vertical
Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and
Canada, formerly called mean sea level of 1929.

Conversion Factors VII



SIMULATED EFFECTS OF GROUND-WATER MANAGEMENT ALTERNATIVES

FOR THE SALINAS VALLEY, CALIFORNIA

By Eugene B. Yates

ABSTRACT

A two-dimensional digital ground-water flow model was developed to
analyze the geohydrology of the ground-water basin in the Salinas Valley. The
ground-water model was calibrated for steady-state and transient simulations by
comparing simulated with measured or estimated inflows, outflows, and water
levels for 1970-81. Preliminary estimates of hydraulic properties and some
inflows and outflows were adjusted during model calibration. The simulated
mean annual water budget for the basin was 559,500 acre-feet per year each of
outflow and inflow. Inflow components consisted of Salinas River recharge
(38.3 percent), percolation of irrigation water (34.0 percent), small stream
and Arroyo Seco recharge (20.9 percent), seawater intrusion (3.4 percent),
and other sources (3.4 percent). Outflow components consisted of agricul-
tural pumpage (91.5 percent), municipal pumpage (4.0 percent), and riparian
phreatophyte evapotranspiration (4.5 percent).

For the steady-state calibration, 70 percent of the simulated water levels
were within 9 feet of measured water levels for 1970-81. A sensitivity
analysis determined the overall stability of the model results. The model
input variable that probably contributes most to the uncertainty of the
results is the quantity of ground-water recharge contributed by irrigation-
return flow to the unconfined aquifer. A 15-percent change in the estimate of
this variable causes an l1ll-percent change in the simulated river-seepage rate
and a 6-percent change in the simulated seawater-intrusion rate.

The calibrated model was used to investigate several water-resources
management alternatives. Projected pumpage increase at a rate of 1 percent
per year for 20 years caused declines in mean annual water levels of 10 to 20
feet in some areas and an increase in seawater intrusion from 18,900 to 23,600
acre-feet per year. Pumpage decreases in the coastal area decreased seawater
intrusion more effectively than pumpage decreases farther inland. When
pumpage was decreased near the coast, seawater intrusion decreased one-
seventh as much. When pumpage was decreased uniformly throughout the
valley, the decrease in seawater intrusion was only one-fourteenth the
decrease in pumpage. Simulations indicated that replacement of ground-water
pumpage with imported surface water in a 9,000-acre service area near the
coast would result in a decrease in seawater intrusion equaling nearly one-
half the quantity of imported water. This further confirmed that the rate
of seawater intrusion is most sensitive to pumpage near the coast.

Abstract 1



INTRODUCTION

The coastal area of the Salinas Valley has undergone extensive
agricultural development since the 1920's. Irrigation water for crop pro-
duction is obtained almost exclusively from local wells. Because of the
proximity of this area to the ocean, large rates of ground-water pumping cause
the inflow of seawater into the aquifers. Consequently, many wells are con-
taminated by seawater and cannot be used as a source of irrigation water.
Numerous management alternatives have been proposed to mitigate the problem
of seawater intrusion. In general, these alternatives include decreased
pumpage, surface-water importation, physical intrusion barriers, or a
combination of these measures.

Purpose, Scope, and Approach

This study was done by the U.S. Geological Survey in cooperation with
the Monterey County Flood Control and Water Conservation District. The pur-
poses of this investigation were to identify and quantify the various types of
flow into and out of the ground-water basin and to describe the physical pro-
cesses that control them. The hydrologic analysis included development of a
two-dimensional digital flow model. One of the goals of the study was to up-
date and improve a previous digital model of the basin. This report presents
the results of the investigation.

Mathematical equations that describe hydrologic processes and hydrologic
data from the Salinas Valley were used in the model to simulate ground-water
levels and the rate of seawater intrusion. he rate of seawater intrusion was
estimated from the aquifer characteristics and the hydraulic-head gradient near
the coast. The model was calibrated to accurately simulate measured historical
flow rates and water levels. Data used in the model were adjusted to simulate
conditions that would exist wunder each of the proposed management
alternatives. |

The data used in the model were selected from extensive information
presently available for the Salinas Valley. Pdditional field measurements were
not made. i

J
Previous Investi@tions

The development of the model and data used in this study closely
parallels that of an earlier model by Durbin and others (1978). In essence,
the present model constitutes a major revision of the previous one, which in
this report will be referred to as '"the previous model," and cited appro-
priately. To avoid unnecessary repetition, information transferred unchanged
from the previous model to the present oﬁe will be discussed only briefly.

2 Ground-Water Management Alternatives, Salinas Valley, California



For more thorough derivations and descriptions of these data, the reader is
referred to Durbin and others (1978). New or revised data and algorithms
used in the present model will be fully described in this report.

Well-Numbering System

Wells are numbered according to their location in the rectangular
coordinate system used for subdivision of public land. For example, in the
well number 15S/3E-16M1, the part of the number preceding the slash indicates
the township (T.15 S.), the part of the number immediately following the
slash indicates the range (R.3 E.), the number following the hyphen indicates
the section (sec. 16), and the letter following the section number indicates
the 40-acre parcel within the section, according to the diagram below. The
final digit is a serial number for wells in each 40-acre subdivision. The

study area lies entirely in the southeast quadrant of the Mount Diablo base
line and meridian.

TOWNSHIP GRID TOWNSHIP 15 SOUTH,

NORTH RANGE 3 EAST
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WEST s LINE EAST
Tzl T2 4516 7|8 |01} SECTION 16—M1
o«
a SEC v
_r—-gt 18|17 Vg \s\ 18137 D B A
2| 19|20 [21]22 |23]2a] | ¥ c , v
@14 , 30|29 |28 Q7| 26(25]
Q T158 31| 32|33 |34\35 |36 ] 4_
gi15 R3E : 8 ——
1z
2 M J

O RO

F
L
P

15S/3E-16M1

Acknowledgments

This hydrologic investigation benefited greatly from ideas and information
contributed by numerous individuals and agencies. Special recognition is due
to Timothy J. Durbin of S.S. Papadopulos and Associates, Inc., Davis,
California, for his assistance in resurrecting the previous model and for his
guidance in developing the present one.

Introduction 3



DESCRIPTION OF STUDY AREA

The Salinas River is in the coastal mountains of central California and
drains an area of about 4,400 mi?. The river originates near Santa Margarita
and flows 120 miles northward to the Pacific ﬁ'oast at Monterey Bay. The lower
70 miles of the river, from San Ardo to Monterey Bay, are in the Salinas
Valley. The valley is underlain by permeable, water-bearing alluvium. The
alluvium forms a continuous ground-water basin that constitutes the study area
for this investigation (fig. 1). The study area lies entirely within Monterey
County. i’

The Salinas Valley is roughly linear and trends northwest. It has a flat
floor ranging from 3 miles in width near San Ardo to about 10 miles in width
at Monterey Bay. The altitude of the valley floor is about 400 feet above sea
level at San Ardo. |

Mountains rise abruptly along both sides of the valley floor. The Diablo
Range and the Gabilan Range lie along the northeast edge of the valley, and
the Sierra de Salinas and the Santa Lucia Range flank the southwest edge.
Ridge altitudes average about 2,500 feet on the northeast side and 4,000 feet
on the southwest side. The mountains on both sides of the valley decrease to
low hills near the coast.

Mean annual precipitation is about 10 inches along the valley floor
between San Ardo and Gonzales. It increases gradually to about 16 inches
between Gonzales and the coast. Mean annual precipitation increases rapidly
toward the adjacent mountains, reaching a maximum of about 20 inches in the
Gabilan Range and 60 inches in the Santa Lucia Range (Rantz, 1969). Precipi-
tation in the valley is extremely seasonal. About 50 percent of the annual
precipitation occurs between December and February, and 90 percent occurs
between November and April (U.S. National Oceanographic and Atmospheric
Administration, 1967-82).

|

GEOHYDROLOGY OF THE GROUND-WATER BASIN

Geology

The alluvium in Salinas Valley consists of a series of marine and
nonmarine sedimentary formations resting uncomformably on igneous and meta-
morphic basement rocks. The sedimentary formations include the Paso Robles
Formation of Pliocene and Pleistocene age, windblown sand deposits of Pleisto-
cene and Holocene age, and recent stream deposits. Total alluvial thickness
ranges from 200 feet near San Ardo to 2,600 feet near Gonzales (Durbin and
others, 1978). Selected surficial geolog{:: features of the Salinas Valley
are shown in figure 2, and the maximum thickness of the alluvium is shown in
figure 3. i

;
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EXPLANATION

Alluvial and fluvial deposits, including the Paso

Robles Formation of Holocene, Pleistocene,
and Pliocene age

w Windblown sand of Holocene and Pleistocene age
Pancho Rico Formation of Miocene age

Impermeable basement rocks of Tertiary and
pre-Tertiary age

Confining layer of subsurface clay overlying the
“180-foot” aquifer

CONTACT

FAULT - U, upthrown side; D, downthrown side

GROUND-WATER BASIN BOUNDARY
w—— == ==  BOUNDARY OF HYDROLOGIC AREAS

FIGURE 2. — Hydrologic areas and selected geologic features.
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EXPLANATION

——400—— LINE OF EQUAL THICKNESS OF GROUND-WATER BASIN —
Interval is 200 feet

GROUND-WATER BASIN BOUNDARY

FIGURE 3. — Maximum thickness of the ground-water basin.
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In the coastal area downstream from Gonzales, the stratigraphy consists
of a complex assemblage of interfingered, lenticular clay, silt, and sand layers
of varying thickness. Downstream of Chualar, relatively continuous layers of
fine-grained estuarine sediments near the axis of the valley were deposited in
the Pleistocene Epoch during periods of high sea level. These beds were par-
tially dissected by streams and occasionally covered by aeolian dune sands
during intervening periods of low sea level. However, clay layers are still
continuous enough to create confined ground-water conditions in a large area
near the coast (fig. 2). ‘

Within the confined area, there are two intervals of relatively permeable
sediments at depths of around 180 and 400 feet. Although these intervals do
not form two distinct aquifers, and their depths and thicknesses vary consid-
erably from place to place, they are commonly referred to as the "180-foot"
and "400-foot" aquifers. They are the intervals that have been developed
most extensively for water supply. The aquifers in the confined area (fig. 2)
extend offshore several miles to submarine putcrop areas. The outcrops are
hydraulically connected with the ocean and allow the flow of water into or out
of the aquifer. ‘

Upstream from Gonzales, the alluvium in the center of the valley consists
primarily of fluvial sediments, including recent terrace remnants and
flood-plain deposits. Along the sides of the valley, tributary streams have
formed alluvial fans that interfinger with the fluvial deposits. The fans along
the northeast side of the wvalley have a higher clay content and lower
permeability than the fans along the southwest side.

Recent windblown sand deposits occur, in several areas near the coast.
The principal exposures of these deposits are in the hills north of Salinas and
in a large area near the city of Marina and the military base at Fort Ord
(Durbin and others, 1978).

Hydrologic Areas

Four hydrologic areas of the Salinas Valley ground-water basin have been
designated by the California Department of Public Works (1946). The areas
are referred to as: (1) Pressure Area, (2) |[East Side Area, (3) Forebay Area,
and (4) Upper Valley Area (fig. 2). These| areas were delineated on the basis
of their hydrogeologic characteristics and are proposed as potential management
zones for the implementation of water-resource management policies. Informa-
tion for the following descriptions of the areas was obtained from Durbin and
others (1978), Raymond Alsop (driller, Salinas, oral commun., 1984), and
Robert Chappell (Chappell Pump and Supply, oral commun., 1984).

The complex stratigraphy of the Pressure Area exhibits varying degrees
of confinement. The scale of spatial variability within the alluvial deposits
is small enough that for the purpose of analyzing basinwide flow patterns,
the deposits can be better described as a single, homogeneous, vertically
anistropic unit, than as a sequence of individual aquifers and confining beds.

10 Ground-Water Management Alternatives, Salinas Valley, California



Specific capacities of wells perforated in the "180-foot" and "400-foot"
aquifers typically range from 40 to 159 (gal/min)/ft. Recharge to the aquifers
in the Pressure Area is from ground-water inflow from the Forebay Area, river
seepage near Gonzales, seawater intrusion, ground-water inflow near Marina,
small quantities of irrigation-return flow, and infiltrated precipitation.

The East Side Area is wunderlain by alluvial-fan deposits of lower
permeability than the alluvial deposits in the Pressure Area. Specific capa-
cities of wells range from 1 to 50 (gal/min)/ft, and ground-water levels
decline throughout the summer pumping season. Ground water in the East Side
Area is unconfined, and recharge is from streams associated with the alluvial
fans and from ground-water inflow from the Forebay and Pressure Areas.

The alluvial deposits in the Forebay Area are generally more permeable
than in the Pressure or East Side Areas. Specific capacities of wells range
from 50 to 180 (gal/min)/ft. Ground-water recharge in this area is from
Salinas River seepage, inflow of ground water from the Upper Valley Area,
irrigation-return flow, and infiltration of precipitation. In addition, some
ground-water recharge is from deep percolation through streambeds of
tributary streams in the area, principally the Arroyo Seco.

The Upper Valley Area is the farthest upstream of the four areas and is
underlain by the coarsest and most permeable sediments. Specific capacities of
wells range from 80 to 200 (gal/min)/ft. Ground water in the Upper Valley
Area is unconfined and recharge is from ground-water inflow from the moun-
tains to the northeast, percolation from the Salinas River and its tributaries,
irrigation-return flow, and infiltration of precipitation.

Hydraulic Properties

Three multiple-well aquifer tests were done in 1967 to measure aquifer
transmissivity and storage coefficient (Monterey County Flood Control and
Water Conservation District, 1967). The tests were all within several miles
of Chualar. The depths of the pumping wells ranged from 245 to 636 feet.
The reported values of transmissivity ranged from 12,000 to 160,000 ft2/d.
Average values were 104,000 ft?/d for two wells near the Salinas River and
33,000 ft2/d for a well near the boundary between the East Side and Pressure
Areas. Average storage coefficients ranged from 0.000116 to 0.000290.

Analysis of the pumping test results was difficult because of the complex
geohydrology of the test area. Measured transmissivity tended to be lower for
observation wells closer to the pumping well, possibly due to effects caused by
partial penetration of the aquifer by the wells or vertical anisotropy of hy-
draulic properties. Because of slow drainage from alluvial material§ above and
below the pumping horizon, storage coefficients increased during the tests.
The reported values are for early drawdown data. Also, effects due to leaky
aquifer conditions and recharge from the Salinas River were hypothesized but
not separately measured or included in the analysis. Finally, without an accu-
rate estimate of the saturated aquifer thickness affected by the pumping test,
the transmissivity values cannot be reliably converted into estimates of
hydraulic conductivity.
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Aquifer Geometry and Boundaries

The lateral boundaries of the ground-water basin are defined by the
contact between the permeable alluvium and older basement rocks. Along
the southwest side of Salinas Valley, this contact was assumed to corre-
spond to the Reliz-Rinconada Fault (fig. 2). Offshore, the basin is bounded
by the submarine outcrop of the Paso Robles Formation. The remaining
boundaries correspond approximately to the outside edge of the hydrologic
subareas (fig. 2).

Except in a few places, the basement rocks along the bottom and sides of
the Salinas Valley are considered for this alysis to be impermeable. The
boundaries of the basin along these contacts were designated as no-flow
boundaries. It was assumed that inflow and outflow of ground water do not
occur along these boundaries.

Permeable alluvium exists immediately adjacent to the basin boundary
north of Prunedale, along the northwest end of the northeast side of the val-
ley (fig. 2). However, a thick, localized | clay bed associated with Elkhorn
Slough prevents ground-water flow across the boundary in the upper 300 feet
of alluvium (California Department of Water Resources, 1973). This area was
assumed to be a no-flow boundary.

In the other places where permeable materials lie just outside the basin
boundary, recharge or discharge occurs due to base flow of ground water
across the boundary.

The base of the ground-water basin is the bottom of the permeable,
unconsolidated alluvium, which in the Salinas Valley was assumed to corre-
spond to the base of the Paso Robles Formation. The upper surface of the
basin coincides with the water table in unconfined areas and with the upper-
most confining layer in the confined area. The water table can fluctuate
vertically in response to transient hydrologic conditions, but its maximum
altitude is limited to the local land-surface altitude.

Baseline Period
f

An appropriate baseline period for the analysis of the ground-water
system in Salinas Valley was selected on the basis of cumulative departures
of annual discharge for the Arroyo Seco (fig. 4). Average annual discharge
during the specified baseline period is the isame as during the entire period
of record if the line connecting the points corresponding to the first and
last year of the baseline period is horizontal (see fig. 4). The 1l-year
period from October 1970 through September 1981 was selected as the baseline
period. This period also is appropriate for|ground-water system analysis be-
cause it is after the construction of the two reservoirs upstream from the
study area and because it reflects recent ground-water pumping patterns.

12 Ground-Water Management Alternatives, Salinas Valley, California
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FIGURE 4. — Cumulative departure of annual discharge for the Arroyo Seco, 1902-83.
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Inflow and Outflow

Precipitation

Direct recharge of ground water by deep percolation of precipitation is
possible in areas where highly permeable surficial deposits overlie unconfined
ground water and where sufficient precipitation occurs to overcome interception
and evapotranspiration losses. In the previEus study, direct recharge from
precipitation was assumed to occur in two areas of the valley, the hills north
of Prunedale and the old dunes south of Marina (fig. 2). These areas have
highly permeable sandy soils and receive about 14 inches of precipitation per
year. Recharge from precipitation for the two areas was estimated at 5,000
and 1,100 acre-ft/yr, respectively. Infiltrated precipitation was assumed to
percolate slowly through an unsaturated zone before reaching the water table,
resulting in a nearly constant rate of ground-water recharge (Durbin and
others, 1978). Changes in the quantity and distribution of recharge from
precipitation were not made for this study.

|

/

|
Surface Streams

Small Streams

Numerous small ephemeral streams drain the mountains on either side of
the valley. As these streams flow across the valley floor, a large percentage
of their flow seeps through the streambeds and becomes ground-water
recharge. The remainder becomes tributary flow to the Salinas River. Much
of the seepage occurs on alluvial fans, where the water table lies far below
the streambed. Recharge passes through the unsaturated upper part of the
alluvium before reaching the water table, and for this reason the rate of
seepage flow was assumed to be independent of the ground-water level and
constant with time.

Durbin and others (1978) estimated recharge from 58 small streams in the
Salinas Valley by routing daily streamflow through a series of mass balance
calculations. Seepage in each reach was assumed to be proportional to wetted
area, vertical hydraulic conductivity of the streambed, and the vertical head
gradient. Assuming a hydraulic gradient of unity, vertical hydraulic conduc-
tivity was estimated by a procedure in which calculated seepage from the
Arroyo Seco was adjusted to match measured flow losses. The same routing
procedure was applied in this study to seepage and tributary outflow for
1970-81, resulting in a hydraulic conductivity of 12 ft/d.

Because flow in the Arroyo Seco is highly seasonal and the unsaturated
zone beneath the streambed is thin in many places, the rate of recharge to
ground water also may be highly seasonal. For this reason, monthly values
for tributary outflow and recharge from the Arroyo Seco were estimated and
are shown in figure 5. :

14 Ground-Water Management Alternatives, Salinas Valley, California
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FIGURE 5. — Average seasonal distribution of flow components for Arroyo Seco, 1970-81.

Durbin and others (1978), estimated that long-term average annual
ground-water recharge from all streams was 96,600 acre-ft/yr, of which 73,200
acre-ft/yr was contributed by the Arroyo Seco. Using the vertical hydraulic
conductivity of 12 ft/d and the 1970-81 period as representative of long-term
average conditions, the estimate used in this study was 117,000 “acre-ft/yr,
which includes 93,600 acre-ft/yr from the Arroyo Seco.

Outflow from small streams does not directly affect ground-water flow,
but flows into the Salinas River, which does interact with the ground-water
system., Durbin and others (1978) noted that San Lorenzo Creek and the
Arroyo Seco together contributed 85 percent of the total tributary inflow to
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the Salinas River in the study area. To simplify their analysis, they grouped
inflow from the other 56 tributaries with one or the other of the two large
streams.

The results of the routings for the previous investigation were examined
in this study to determine correlative relations between tributary flow of the
Arroyo Seco and that of two tributary groups, which in this report will be
referred to as the Arroyo Seco tributary group and the San Lorenzo tributary
group. The relations were used to translate monthly Arroyo Seco flow into
monthly tributary group inflow to the Salinas River. In previous investi-
gations, average annual inflow to the Salinas River from the Arroyo Seco
tributary group was calculated to equal 42,100 acre-ft/yr. Inflow from the
San Lorenzo tributary group was 7,900 acre-ft/yr. The revised estimates
used in this study were 37,500 and 10,300 acre-ft/yr, respectively.

The method used in this study to estimate ground-water recharge and
tributary inflow for small streams other than the Arroyo Seco is less
time-consuming but also less accurate than the routing procedure used for the
Arroyo Seco (and used for all small streams) in the previous investigation.
Because flow in small streams constitutes only about 4 percent of the total
water budget for the basin, slight errors |in flow and recharge components
are assumed to be negligible. 1

Salinas River

The Salinas River differs from small streams in the study area because it
is in direct hydraulic connection with ground water. An unsaturated zone
does not separate river water from ground water in the underlying alluvium.
Seepage can be into or out of the river, depending on whether the altitude of
the stream surface is lower or higher than nearby ground-water levels.

Two reservoirs were built on major tributaries of the Salinas River
upstream from the Salinas Valley to regulate winter floodflows in the Salinas
River and to conserve water for summer use. Nacimento Reservoir was com-
pleted in 1956 and is about 30 miles upstream from San Ardo. San Antonio
Reservoir was completed in 1967 and is about 22 miles upstream from San Ardo.
Each reservoir has a capacity of about 350,000 acre-ft. Prior to construc-
tion of the reservoirs the Salinas River would usually dry up during the
summer. Since then the reservoirs have been operated jointly to maintain
flow during the summer downstream to the vicinity of Spreckels. River in-
flow at the basin boundary approximately equals the measured flow at the
gaging station near Bradley. Average flow at the Bradley station for
1970-81 was 507 ft3/s.

Average ground-water recharge for 1970-81 was estimated to equal 277,800
acre-ft/yr, based on differences in flow | between the gaging stations at
Bradley and Spreckels (Leedshill-Herkenhoff, 1984). This estimate included
recharge from the Arroyo Seco.
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Base Flow

In places where the ground-water basin is not bounded by impermeable
bedrock, ground water can flow into or out of the basin. One such place is
the northwestern end of the basin, where aquifers of the Salinas Valley
extend offshore beneath Monterey Bay. Several miles from the coast, the
aquifers intersect the sea floor in such a way that hydraulic continuity
with the ocean is maintained. Water is free to flow into or out of the
aquifers, depending on the hydraulic head gradient between the aquifers and
the ocean. Landward head gradients are caused by onshore pumping and
result in seawater intrusion.

Seawater contamination of wells was first noticed in the early 1930's, and
by 1938 an increase in salinity had forced the abandonment of several wells
along the coast (California Department of Public Works, 1946). The intrusion
of seawater into aquifers has continued since that time. Areas of contamina-
tion with chloride concentrations greater than 500 mg/L are shown for the
"180-foot" and "400-foot" aquifers in figure 6.

Since the construction of two water-supply reservoirs upstream from the
Salinas Valley, ground-water levels throughout the valley have remained
relatively stable and the rate of seawater intrusion has remained fairly
constant.

In the previous investigation, the estimated rate of seawater intrusion was
11,000 acre-ft/yr. This value was generated by the simulation model as a re-
sidual in the mass-balance calculations (Durbin and others, 1978). It does not
include intrusion in the area around Marina and Fort Ord. Other investiga-
tions estimated a rate between 11,000 and 20,000 acre-ft/yr based on historic
water-quality changes and estimates of basinwide pumping overdraft
(Leedshill-Herkenhoff, 1984).

Ground-water inflow also occurs near San Ardo, where the valley floor
narrows to a width of about 3 miles. For the present study, a change was not
made in the previous assumption that 1,000 acre-ft/yr of ground water enters
the basin across this boundary (Durbin and others, 1978).

Another area of ground-water inflow occurs along the southern end of the
northeast side of the study area, where the impermeable core of the Diablo
Range is overlain by the Pancho Rico Formation of late Miocene age. This for-
mation contains permeable sedimentary materials which lie in direct contact
with the Salinas Valley alluvium (fig. 2). A rainfall-runoff analysis origi-
nally indicated that mean annual ground-water inflow from the Pancho Rico
Formation is about 20,000 acre-ft/yr (Durbin and others, 1978). However,
measured water levels along that boundary of the study area were much lower
than simulated water levels reported in the previous study, suggesting that
the quantity of inflow across the boundary was overestimated (Durbin and
others, 1978, fig. 36).
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!

The final area of ground-water inflow occurs along an 8-mile stretch of
the southwestern boundary of the study area, between the Sierra de Salinas
and Monterey Bay. In this area, the model boundary follows the subsurface
extension of the Reliz-Rinconada (or King City) fault (fig. 2). In the previ-
ous study, the fault was assumed to be an. lmpermeable barrier (Durbin and
others, 1978). ﬁ

The geohydrology of this part of the basin boundary was reevaluated for
the present study. The offset of the fault decreases toward the ocean and
affects only deep subsurface materials (California Department of Water
Resources, 1973), which indicates that the boundary may be permeable and
allow some ground-water inflow. Thorup ($984) also suggested that ground

|
!
|
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water moves across the fault. He included the wind-blown sands south of the
fault among the ground-water recharge areas of the Salinas Valley. For this
study, the previously described method for calculating recharge from precipi-
tation on sandy areas inside the basin was applied to the sandy area lying
south of the fault. The resulting estimate of ground-water inflow across
the boundary was 1,000 acre-ft/yr.

Pumpage

Agricultural

Since the 1920's, increased agricultural development in the Salinas Valley
has resulted in an increase in ground-water pumping. Ground water provides
about 95 percent of the water used in the Salinas Valley (California Department
of Water Resources, 1973). In 1920, about 600 wells supplied irrigation water
for 50,000 acres (California Department of Public Works, 1946). By 1976,
about 2,500 wells supplied irrigation water for 213,000 acres (Monterey County
Flood Control and Water Conservation District, written commun., 1983). In
the Pressure Area, nearly all potentially arable land is cultivated.

In the previous study, mean annual pumpage for the valley was estimated
at 460,000 acre-ft/yr, based on an analysis of electricity use during 1969-71
(Durbin and others, 1978). Estimates for the present study were derived from
a survey of land use conducted in 1976 by the California Department of Water
Resources and the Monterey County Flood Control and Water Conservation
District (written commun., 1983). Appropriate water-application rates were
multiplied by land areas for each of 39 land-use categories. The water-
application rates were derived from field studies of various crops grown in
the Salinas Valley during 1962-71. The rates are mean values for normal
climatic conditions. The water-use survey indicated that mean agricultural
water use in the study area was 512,200 acre-ft/yr.

In many agricultural areas, a significant percentage of applied irrigation
water percolates past the crop-root zone to the underlying water table. If the
irrigation water is obtained from wells, the net quantity of ground-water
extraction is less than the gross quantity actually pumped from the wells.
In the previous study, 45 percent of agricultural pumpage was assumed to
return to the aquifer. This percentage was obtained, in part, by model cali-
bration. Irrigation-return flow in the confined part of the Pressure Area
was assumed to flow laterally to the edge of the confining layer before
percolating to the water table (Durbin and others, 1978).

Well logs and geologic cross sections of the confined area do not indicate
that the shape or extent of the confining layers would induce significant
lateral flow of irrigation-return water (California Department of Water
Resources, 1973; Richard Thorup, geologist, Monterey, written commun.,
1984). Irrigation-return flow in the Salinas Valley has not been measured,
but the percent of applied water that percolates past the root zone is known
to vary considerably with crop type, soil texture, and irrigation method.
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Irrigation-return flow typically ranges from 20 to 50 percent of applied water
for many areas in California, (California Department of Water Resources,
1984). A comparison of estimated evapotranspiration of applied water in the
Salinas Valley (California Department of Water Resources, 1975) with estimates
of applied water (Monterey County Flood Control and Water Conservation
District, written commun., 1984) indicates that between 7 and 60 percent of
applied water percolates to the water table.

Agricultural pumpage varies seasonally and from year to year. The
average seasonal pumpage distribution estimated by Durbin and others (1978)
from electrical-power consumption also was used in the present study (fig. 7).
For annual variations, the present study used a functional relation between
annual agricultural pumpage and precipitation to adjust mean annual pumpage
values according to the climatic conditions prevailing in any given year. The
assumed relation between annual agricultural pumpage and precipitation during
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the growing season for the Salinas Valley is shown in figure 8 and was
developed from crop-water use data by the Monterey County Flood Control and
Water Conservation District (written commun., 1983). Based on this relation,
estimates of annual agricultural pumpage during the 1970-81 baseline period
ranged from 456,400 acre-ft/yr in water year 1969 to 558,300 acre-ft/yr in
water year 1971.

Municipal

The population of Monterey County increased from 73,000 in 1940 to
316,200 in 1984; about 60 percent of the present (1982) county population
resides in Salinas Valley. There also has been a trend toward urbanization.
In 1950, 40 percent of the population in Monterey County lived in incor-
porated cities. By 1976, that percentage increased to 68 (Monterey County
Planning Department, 1980).

For the previous study, Durbin and others (1978) estimated municipal
pumpage by multiplying the 1970 populations of eight towns in the Salinas
Valley by a constant per capita water consumption rate. Pumpage at the Fort
Ord military base was not included. A recent field survey of municipal water
use in the valley by the Monterey County Flood Control and Water Conserva-
tion District (1984) provided more detailed and up-to-date municipal pumpage
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FIGURE 8. — Relation of precipitation during growing season to annual agricultural pumpage
(Monterey County Flood Control and Water Conservation District, written commun., 1983).
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information for the present study. Average annual municipal pumpage for
1970-81 is shown in table 1. Total pumpage for the valley, including Fort
Ord, is about 700 acre-ft/yr (3 percent) more than the total estimated in the
previous study. As before, municipal pumpage was assumed to occur at a
constant rate throughout the year. |

|
Evapotranspiration

Durbin and others (1978) assumed that the only loss of ground water due
to evapotranspiration was from deep-rooted riparian vegetation along the
Salinas River channel. This loss was estimated to be 25,000 acre-ft/yr in the
study area. The same value was used in this study.

TABLE 1.--Average annual municipal pumpage for Salinas Valley during 1970-81
|

[Average population: Average of 1970 population (U.S. Bureau of Census,
1971) and 1982 population (Monterey County Flood Control and Water
Conservation District, 1984)]

Average Average
Community population pumpage
(acre-ft/yr)

Castroville 3,500 717
Fort Ord 129,930 | 5,209
Gonzales 2,840 512
Greenfield 3,620 561
King City 5,030 966
Marina 11,090 1,533
Salinas 72,360 11,795
San Ardo 480 116
Soledad 6,490 755
Spreckels 1670 158

Total........... cesecene . 136,010 22,322

lUnaveraged 1982 population (Monterey County Flood and Water
Conservation District, 1984).
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DIGITAL SIMULATION OF THE GROUND-WATER BASIN

A digital model represents a simplified approximation of the natural
system. It is limited by the degree of hydrologic understanding reflected
in the equations used to describe flow processes and by the availability of
accurate, spatially distributed measurements of the physical properties of
the natural system. The results of model simulations must be cautiously
interpreted and qualified because of the assumptions and simplifications
inherent in the model and the data.

The digital model of the Salinas Valley ground-water basin solves the
mathematical equation describing two-dimensional ground-water flow using the
finite-element method (Hromadka and others, 1985). The model grid consists
of 315 nodes and 514 triangular elements (fig. 9). The node spacing is similar .
to that used by Durbin and others (1978), except that the node density is
doubled in the area between Gonzales and the coast.

There are two types of model simulations, and each type requires a
different form of data. The first is a steady-state simulation, in which
single, time-averaged values of all variables are used in the model. The
model output presents an instantaneous view of basin hydrology for the mean
hydrologic conditions existing during the period of averaging. Because a
steady-state simulation does not involve the passage of time, transient
effects due to aquifer storage changes do not occur. The storage coefficient
is eliminated from the analysis. A steady-state simulation does not repre-
sent any actual point in time, but rather a long-term view of basin hydrology
without seasonal or annual variations. For simulations of baseline condi-
tions in the Salinas Valley, model input was obtained by averaging daily,
monthly, or annual measurements for 1970-81.

The second type of model simulation is called a transient simulation.
Transient simulation includes the seasonal and annual variations in flows and
water levels. For the purpose of computation, the model divides the elapsed
time into discrete intervals or steps, during which the values of all variables
are assumed to remain constant. Time-step durations of 1 month were used in
the Salinas Valley model. Time-varying variables in the model were assigne<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>